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@ Positive displacement diaphragm pump employing displacer valves.

@ A positive displacement pump (310) utilizes at least three
driven displacer valves (360,362,364) and a plurality of driving
membranes (336,340,344) and at least one pumping mem-
brane (316) to withdraw minute quantities of corrosive fluid
from a drum {100) and discharge same to a delivery point
(128). The pump (310} is submerged within the fluid to be
pumped and is driven by a remotely positioned pneumatic
pulse generator (116) comprising pneumatic logic circuitry.
The driven displacer valves (360,362,364} operate in a particu-
lar sequence to draw fluid into the pump body (312,314),
advance same in succession through pumping chambers
(318,320,322) within the pump body {312,314}, and then dis-
charge same at a constant rate of discrete pulses through an
outlet port {332). The pulse generator (116) and logic circuitry
provide the control pulses for operating the displacer valves
(360,362,364) at the proper times in the operational cycle. The
delivery characteristics of the pump far exceed the perfor-
mance capabilities of conventional pumps utilized for similar
purposes. o
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OUTLET

INLET

Croydon Printing Company Ltd.



10

15

20

0156074

-1 -

POSITIVE DISPLACEMENT DIAPHRAGM. PUMP
EMPLOYING DISPLACER VALVES

As background to the preseﬁt invention, reference
may be made to our co-pending European patent application
EP-A-111540 (WO83/04242) claiming the priority of U.S.
patent application Serial No.385,i76. |

The present invention relates generally to air
operated, positive displacement diaphragm pumps that
are submerged in the ligquid to be discharged, and more
particularly to diaphragm pumps employing a plurality
of displacer valves.

Diverse diaphragm pumps have been used in the
prior art to withdraw liquid from a receptacle through
an inlet port and discharge same through an outlet port.
The diaphragm usually divides the pump housing into a
supply chamber and a pressure chamber.-‘A first check
valve regulates flow into the supply chaﬁber, and a second
check valve controls the flow therefrom. Electrical
or hydraulic signals are supplied to an externally sit-
uated operator, such as a piston, for controlling the
movement of a diaphragm or membrane within the pump
casing. The movement of the diaphragm forces the

pressurized fluid out of the supply chamber and
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past the second check valve. Representative reciprocating
diaphragm pumps are shown in U.S. Patents 3,285,182, granted
November 15, 1966 to H.E. Pinkerton, U.S. Patent 3,814,548,
granted June &4, 1974 to Warren E. Rupp, and U.S. Patent
4,021,164, granted May 3, 1977 to Hans Peter Tell,

Known reciprocating diaphragm pumps of low capacity,
however, have very little, if any, self-priming action.
Such pumps therefore must be kept at a level close to, or
below, the liquid level of the container from which the
liquid is being pumped. Also, check valves of known recip-
rocating pumps exhibit a tendency to leak. While the
leakage is a minor problem when relatively large quantities
of liquid are being pumped, the problem assumes far greater

"~ importance when the quantities being pumped are but a few

milliliters over an extended period of time and when exact
metering is required. ‘

The first of the aforementioned shortcomings of known
reciprocating diaphragm pumps was remedied by the diaphragm
pump, shown in detail in FIGS. 2-5 of aforementioned,
co-pending patent application Serial No. 385,176. To
illustrate, the diaphragm pump shown and described in the
co-pending application responds to control pulses of low
pressure air delivered from a pulse generator controlled by
preumatic logic circuitry; the low pressure air is readily
available in industrial plants and represents a marked cost
saving over known electrical and hydraulic control systems.
Also, the driving membrane, pumping membrane, and displacer
of the co-pending application function effectively to
discharge small quantities of liquid at a selected rate; by
manipulation of a resistor in the logic circuitry, the rate
can be varied. Additionally, the diaphragm pump of the
co-pending application can be submerged in the liquid to be
discharged, even a corrosive liquid, and function
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satisfactorily over extended periods of time and with

constant, reproducible discharge rates.

While the diaphragm pump of the aforesaid co-pending
application represents a significant advance over knownm
diaphragm pumps, extensive field tests of said pump, while
handling corrosive liquids such as tin compounds for hot
coating glass bottles, suggested even further refinements in
the pump design would be desirable. For example, the
instant diaphragm pump obviates the use of an inlet check
valve and an outlet check valve, replacing such valves by a
pair of positively driven displacer valves. The pair of
positively driven valves, when coupled with the conventional
positively driven diaphragm valve, coact to force a metered
amount of corrosive liquid through the pump body in a
sequence of steps. ' The concept of the three positively
driven displacer valves used in the instant diaphragm pump
can be extended to-four or more displacer valves, as desired
or as needed, for successfully low volume operation.

Additionally, the instant positive displacement dia-
phragm pump can be controlled by a pneumatic pulse generator
comprising a logic circuit of simplified design. The
instant positive displacement diaphragm pump is compatible
with the logic circuit shown in"FIG. 6 of co-pending
application S.N. 385,176, and can function in concert with
other pneumatic and pure-fluid logic circuits with equal
facility. ’

The present invention contemplates a positive displace-
ment diaphragm pump employing three, or more, displacer
valves for drawing liquid into the pump body, pressurizing
same, and discharging same at a constant, low volume flow
rate over extended periods of time. - ‘
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The present positive displacement diaphragm pump is
reliable, leak-proof, and can withstand submersion in
corrosive liquids. The problem of leakage associated with
known check valves, such as spring loaded ball valves, has
been obviated. '

Furthermore, the present positive displacement dia-
phragm pump is substantially self-priming in operation,
provides reproducible results over extended periods of time,
operates reliably with a low pressure head, and yet dis-
charges minutes quantities of liquid in a series of discrete
pulses.

Lastly, the present positive displacement diaphragm
pump can be operated by low pressure air pulses supplied
thereto from known pulse generators comprising a pneumatic
logic circuit of simplified design. Additionally, even in
the unlikely instance of membrane failure, the air pressure
is sufficient to keep the corrosive liquid from entering the
pulse generator and destroying same. o

Yet other advantages of the present positive displace-
ment diaphragm pump will become readily apparent to the

skilled artisan from the appended drawings and the accom-
panying detailed description.
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In the accompanying drawings -:-

FIG. 1 is a side elevational view of an air operated
diaphragm pump system constructed in accordance with the

principles of the instant invention, said system being showm

in operative association with a drum filled with liquid;

FIG. 2 is a vertical cross-sectional view of a first
embodiment of a unique diaphragm pump utilized in the system
of FIG. 1, such view being taken on an enlarged scale;

FIG. 3 is a full scale vertical cross-sectional view of

a second embodiment of a unique diaphragm pump utilized in
the system of FIG. 1;

FIG. 4 is a top plan view of the diaphragm pump of FIG.

FIG. 5 is an exploded perspective view of a displacer
valve utilized within the diaphragm pump shown in FIGS. 3-4;

FIG. 6 is a yertical cross-sectional view of a'third

embodiment of a uhique diaphragm pump utilized in the system
of FIG. 1;

"FIG. 7 is a top plan view of the diaphragm pump shown
in FIG. 6; and

FIG. 8 is a schematic representation of the pneumatic
logic circuitry that forms a pulse generator for operating
the various embodiments of the diaphragm pump.
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Turning now to the drawings, FIG. 1 depicts a large
metallic drum 100 having a capacity of 80 galléns. The
liquid -level line is indicated by dotted line 102, and a -
fragment of the drum has been removed to show the interior
thereof. A 1id 104 seals the open upper end of the drum
100, and an aperture 106 is formed through the 1id.

An air operated, diaphragm pump assembly, indicated
generally by reference numeral 108, is operatively connected
to the drum for draining its contents. The assembly 108
comprises a conventional diaphragm pump 110 positioned on,
or closely adjacent to, the bottom of drum 100, an extension
sleeve 112 projecting upwardly from the pump through the
aperture 106, and a-collar 114 secured to the upper end of
the extension sleeve. The diaphragm pump assembly further
includes a pulse generator 116, an air supply line 118 for
delivering pressurized or compressed air to the pulse
generator, and a conduit 120 which extends from the pulse
generator, to collar 114 on extension sleeve 112, and into
communication with pump 110. Conduit 120 and sleeve 112
contain three air pulse hoses, one return-preésure hose and
the pump delivery hose. The last hose is conmnected to sight
glass 126, and terminates at delivery point 128. Extension
sleeve 112 is more or less rigid and has a ligquid tight
connection to pump 110. The sleeve protects the hoses in it
from attack by the liquid in drum 100. Conduit 120 is
flexible and allows the pump to be moved into, and from, the
drum.

FIG. 2 depicts schematically a first embodiment of a
diaphragm pump 210 that was intended to be substituted for
conventional pump 110 in the air operated pump system of
FIG. 1. Pump 210 comprises a body composed of a left hand
segment 212 and a right hand segment 214 with a single,
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flexible membrane 216 disposed therebetween. Three spaced
hemispherical chambers 220, 218 and 222 are defined in the
segment 212, and three channels 224, 226 and 228 are
drilled, bored or otherwise formed through segment 214.
Threaded connections 230, 232 and 234 are formed at the
outer ends of each channel, and suitable hoses (not showa)
are threadedly secured thereto. An inlet conduit 236 |
extends from the lower edge of segment 212 to chamber 218, a
first internal conduit 238 extends from chamber 218 upwardly
to chamber 220, a second internal conduit 240 extends from
chamber 220 upwardly to chamber 222, and an outlet conduit
242 leads from chamber 222 to the upper edge of segment 212,

The pump 210 is submerged in the liquid to be pumped,
such liquid being retained in a drum or other suitable
receptacle. Pulses of air, at a pressure slightly greater
than atmospheric air, are delivered in a predetermined
sequencé to the conduits in segment 214. More specifically,
the submersion of pump 210 forces at least a limited
quantity of liquid into chamber 218. Then, when a first
pulse of air is delivered from a pulse genmerator, such as
pulse generator 116, to conduit 224, the membrane 216 is
forced to assume a concave shape and force the liquid in
chamber 218 through conduit 238 into second' cavity 220. For
the duration of pulse A, the membrane flexing in chamber 218
serves as a check valve to prevent the liquid from flowing
back down inlet conduit 236.

When a second pulse B of air is delivered from the
pulse generator to conduit 226, the membrane assumes a
concave shape and forces the fluid in chamber 220 through
conduit 240 into a third chamber 222. For the duration of
pulse B, the membrane flexing in chamber 220 serves as a
check valve to prevent the liquid from flowing downwardly in
the pump body. The pulse A may be terminated while B is

'still operational.
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When a third pulse C of air is delivered from the pulse
generator 116 to conduit 228 over one of the three air pulse
hoses retained in conduit 120, the membranz assumes a
concave shape and forces the fluid in chamber 222 upwardly
through conduit 242 for discharge at a remote discharge
point. Here again, for the duration of pulse C, the mem-
brane flexing in chamber 222 serves as a check valve to

prevent the liquid from flowing downwardly in the pump body.' -

When the pressure produced by the delivery of air
pulses to conduit 224 is removed, the membrane 216 returns
to its unstressed condition and chamber 218 becomes filled
with liquid again. Removal of the pressure from conduit 226
will similarly allow the membrane to return to its
unstressed condition and cause chamber 220 to f£ill with -
liquid. To complete the pumping cycle, pulses of air are
again delivered to conduit 224, removed from conduit 228,
and subsequently delivered to conduit 226. Each operational
cycle of pump 210 will deliver an amount of liquid govermed
by the volume of chamber 220.

Whereas chambers 218, 220 and 222 of pump 210 shown in

- FIG. 2 are equal in volume, it should be noted that this

size relationship may be ailtered to f£it different opera-
tional requirements. To illustrate, if chamber 222 were
made to be one-half the volume of chamber 220, the pump
would deliver one-half of its liquid output upon the
delivery of pulses of air pressure to conduit 226, and the
other half of its liquid output (for each cycle of opera-
tion) upon the delivery of pulses of air pressure to conduit
230. 1In the event that the pump was formed with more than
three chambers, for example "n" chambers, the liquid output
for each cycle of operation could be divided into n-1 pulses

per pump cycle, by the judicious selection of the chamber
volumes.
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Whereas the pump 210 functions satisfactorily, and is
superior to known diaphragm operated pumps, the membrane 216
poses some problems. Thus, when the membrane 216 is fabri-
cated of natural rubber, the pump works well for several
days, but the pump capacity diminishes gradually thereafter
as slack in the membrane increases. When the membrane 216
is fabricated from a plastic, such as Viton , the membrane
stretches even more quickly and the pump capacity diminishes
in the same fashion. Techniques such as pre~-stretching the
membrane and/or providing a spring return arrangement for
the membrane failed to solve this problem.

FIG. 3 depicts schematically a second embodiment of a
diaphragm pump 310 that was substituted for pump 110 in the
air operated pump system of FIG. 1. Pump 310 represents an
improvement over pump 210 and solves the longevity problem
associated with the diaphragm 216 in pump 210. Addition-
ally, pump 310 positively returns the diaphragm to its
unstressed, at rest position, without resorting to metal
biasing springs or pre-stretched membranes.

Pump 310 comprises a body composed of a left hand
segment 312 and a right hand segment 314 with a single,
flexible pumping membrane 316'disposed therebetween. First,
second and third spaced pumping chambers 318, 320 and 322
are defined in segment 314. An inlet conduit 324 extends
from the lower edge of segment 314 upwardly to first pumping
chamber 318, and a first internal conduit 326 extends
between chamber 318 and second pumping chamber 320. A
second internal conduit 328 extends between chamber 320 and
third pumping chamber 322, and an outlet conduit 330 extends
between chamber 322 and the upper end of the pump housing.
An enlarged threaded port 332 is formed at the end of
conduit 330 to receive a threaded hose or pipe (not shown)
to transmit the liquid to a remote location for discharge.
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A first intermediate chamber 334 is defined in

the lower end of segment 312 between small driving mem-

brane 336 and pumping membrane 316. Second and third

_ intermediate chambers 338 and 342 are defined near the -

* middle and in the upper part of seément'3lérréspebtively

between small driving membranes 340 and 344 and pumping
membrane 316. A vertically oriented passage 346 extends
downwardly from the upper end of segmént 312 through
chambers 334, 338 and 342. Consequently, when a reference
pressure is introduced into passage 346, all of the mem-
branes are subjected to the same pressure. The small
driving membranes 336, 340 and 344 are identical in size,

shape and function; such membranes obviate the need

for return springs and function satisfactorily over extended

periods of time.

A first pressure chamber 348 is defined between
driving membrane 336 and a cavity formed in the lower end
of segment 312; a first control conduit 350 extends ﬁrom
the top of segment 312 directly into the cavity. Control
conduit 350 is nct shown in FIG. 3, but is shown in FIG. 4.
A second pressure chamber 352 is defined between driving
membrane 340 and a cavity formed in the middle of segment
312; a second control conduit 354 extends from the top of
segment 312 directly into the cavity. Control conduit
354 is not shown in FIG. 3, but is shown in FIG. 4.

A third pressure chamber 356 is defined between driving
membrane 344 and a cavity formed in the upper end of
segment 312. A third control conduit 358 extends from
the top of segment 312 directly into the upper cavity,
as shown in FIG. 3.

A first displacer valve, indicated generally by
reference number 360, is utilized to force the liquid from
pumping chamber 318 via internal conduit 326 into second
pumping chamber 320. A second, identical displacer valve,
indicated generally by feféiéhce huﬁéfai”362, is uéiliéé&l
to force the ligquid from pumping chamber 320 via internal
conduit 328 into third pumping chamber 322. A third



10

15

20

25

30

01 56

PQ
-3

«11-

identical displacer valve, indicated generally by reference
numeral 364, is utilized to force the liquid from chamber
322 via conduit 330 through port 332 into a hose or pipe
(not shown) for discharge at a remote location.

FIG. 5 shows an exploded perspective view of represer.-
tative displacer valve 360. Displacer valves 360, 362 aud
364 are identical in construction and function.

Displacer valve 360 includes a cylindrical cap 366 with
an enlarged annular shoulder 368 that guides the movement of
the cap within pumping chamber 318. A button 370 of a
resilient, chemically inert material fits within an aperture
375 in the working face of the valve, and a central bore 374
extends into, but not through, the cap 366; the bore is
shown in dotted outline. The valve also comprises a spacer
377 with a bore 376 extending therethrough, an annular
clamping plate 378 with a hole 379 therethrough, and an
elongated screw 380 with an enlarged head. A slot 381 is
formed in the head to admit a screwdriver or similar tool.

The shank of screw 380 extends through the aperture 379
in clamping plate 378, through a small central aperture 384
in driving diaphragm 336, through bore 376 in spacer 377,
through a small aperture in pumping diaphragm 316, and into
the bore 374 in cap 366. The displacer valve 360 employs
the screw 380 to secure the valve to the diaphragms, as well
as to join the components of the valve into a unitary
structure.

Pump 310, as shown in FIGS. 3-5, functions in the
following manner. A reference pressure is introduced over
passage 346 to pressurize the intermediate chambers 334, 338
and 342. The pump is submerged in the liquid to be dis-
charged, and some of the liquid moves upwardly into the
lower pumping chamber 318 to prime same. A first control
pulse of air is then introduced at conduit 350, which

momentarlly raises the pressure in the first pressure
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chamber 348 to a level greater than that of the inter-
mediate, or reference, chamber 334. The driving diaphragm
336 flexes toward diaphragm 316 and the cap moves rightward
within chamber 318 until the button 370 abuts against the
wall defining the chamber. The liquid previously retained
within pumping chamber 318 is forced through internal
conduit 326 into second pumping chamber 320. The control
pulse is of sufficient duration to retain the button against
the chamber wall to prevent leakage back into first pumping
chamber 318 and inlet conduit 324.

After the second pumping chamber 320 is filled, a
second control pulse of air is introduced at conduit 354,
which momentarily raises the pressure in the second pressure
chamber 352 to a level greater than that of the inter-
mediate, or reference, chamber 338. The driving diaphragm
340 flexes toward pumping diaphragm 316 and the cap 366
moves rightward within chamber 320 until the button abuts .
against the wall defining the chamber. The liquid pre-
viously retained within pumping chamber 320 is forced
through internal conduit 328 into third pumping chamber 322.
The control pulse appearing at conduit 324 is of sufficient
duration to retain the button against the chamber wall to
prevent leakage; the control pulse appearing at conduit 350
may be terminated.

After the third pumping chamber 322 is filled, a third
control pulse of air is introduced at conduit 358, which
momentarily raises the pressure in the third pressure
chamber 356 to a level greater than that of the inter-
mediate, or reference, chamber 342. The driving diaphragm
344 flexes toward pumping diaphragm 316 and the cap 366
moves rightward within chamber 322 until the button abuts
against the wall defining the chamber. The liquid pre-
viously retained within third pumping chamber 322 is forced .
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through outlet conduit 330 and outlet port 332 into a hose
(not shown) to be discharged at a remote location.

FIGS. 6-7 depict a third embodiment 410 of a diaphragm
operated pump that can be substituted for pump 110 in the
air operated pump system of FIG. 1. Pump 410 functions in
much the same manner as pump 310, described in detail above

with particular reference to FIGS. 3-5. However, while pump

310 relies upon one pumping diaphragm 316 extending through-
out the pump housing, pump 410 utilizes three smaller
pumping diaphragms 412, 414 and 416 for the same purpose.
Three driving diaphragms 413, 415 and 417 are operatively
associated with the pumping diaphragms. While pump 310
relies upon a pump body formed of but two segments 312, 314,
the body of pump 410 is formed of a plurality of smaller
segments 418, 420, 422, 424, 426, 428 and 430, A sealing
gasket 432 is located between adjacent segmenté 428 and 430,
while the other segments are sealed by the driving dia-
phragms and pumping diaphragms. Four elongated threaded
rods extend throughout the body of the pump. Nuts 436 are
advanced on the opposed ends of the rods to draw the multi-
plicity of segments together, and a collar 438 at the upper
end of segment 430 is secured to the extension sleeve 112
shown in FIG. 1.

While pump 310 has its unitary pumping diaphragm
oriented vertically, pump 410 employes three horizontally
disposed, and smaller, pumping diaphragms 412, 414 and 416
that are responsive to horizontally disposed driving dia-
phragms 413, 415 and 417. VWhile pump 310 has pumping
chambers 318, 320 and 322 oriented in the same mannér, only
pumping chambers 440 and 442 are oriented in the same
manner; pumping chamber 444 is oriented 180° out of phase
with the other two pumping chambers. '

While pump 310 functions satisfactorily, a problem was
encountered during field tests with ieakage between the pump
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and extension sleeve 112, The leakage problem was com-
pounded by the corrosive nature of the liquid being pumped.
Thus, the preferred configuration of pump 410 was evolved,
which overcame the leakage problem yet functioned with
results comparable to those obtained with pump 310.

Since pumps 310 and 410 utilize driving diaphragms and
at least one pumping diaphragm, even in the unlikely event
that one of the driving diaphragms should fail, the liquid
being handled by the pump could not enter the pulse genera-
tor and contaminate same. At worst, the pressurized air
could leak through the pumping diaphragm and enter the
liquid, but the reverse is precluded.

FIG. 8 reveals the logic circuit that functions as a
pulse generator 116 for the air operated pump system. The
pulse generator delivers low pressure air pulses of the -
requisite duration, and magnitude, to known pumps 110, as
well as to the unique pumps 210, 310 and 410. The pulse
generator also delivers such pulses to the displacer valves
in the proper timing sequence to insure the leakproof
operation of the various pumps.

Pulse generator 116, is comprised of well known,
commercially available fluid logic elements, such as those
sold by Samsomatic Ltd., Fairfield, New Jersey of Samson AG
of Frankfort, W. Germany. A manual switch 446 is incorpo-
rated into the pulse generator; such switch, which is shown
in its operative position, is moved to either a venting
position or a closed position (as shown) when the contents
of a receptacle 100 have been drained and a new receptacle
is being positioned to receive pump 110, 210, 310 or 410.

Pulse generator 116 which is pressurized over air
supply line 118, includes pneumatic switches 448 and 466 and
also a so-called Schmitt-trigger 458. Switches 448 and 466
change state at a pressure somewhat above zero pressure and
somewhat below the maximum system preéssure. The Schmitt-
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trigger 458 changes state at exactly the predetermined low
and high pressure levels. High pressure at the control port
of these switches causes pressure venting at the switch
outlet whereas no pressure. at the control port means full.

" pressure at the outlet. Switch 448 supplies pressure to

chamber 454 in pump 410 (or to chamber 348 in pump 310).

The fluid under pressure enters volume 452 through a
variable resistor 450 and is connected over conduit 456 to
Schmitt-trigger 458. After a certain time lapse (as deter-
mined by resistor 450 and volume 452), the pressure in
volume 452 reaches a sufficient level and this pressure is
reflected at the control port of the Schmitt-trigger. This
increased pressure signal causes the trigger to change state
so that the air pressure in chamber 476 of pump 410 will be
vented through the Schmitt-trigger. Also, the air from
volume 462 now vents through fixed resistor 460 causing the
pressure in volume 462 and at the control port of switch 466
to drop to zero. ,

Switch 466 now provides a pressurized discharge at its
outlet, causing pressure in chamber 472 in pump 410 (or
chamber 352 in pump 310) to increase. Pressure will now
build up within volume 470 through resistor 468, which after
a time period determined by resistor 468 and volume 470,
will produce sufficient air pressure at the control port of
switch 448 to change its state. This will vent air pressure
from pump chamber 454 in pump 410.

The above-described half cycle is now repeated, however
with the pressurizing and venting steps reversed, to com-
plete a full cycle and to cause the pumping action of pump
410 (or 310).

Of course, it will be appreciated that all the switches
might be Schmitt-triggers and all of the resistors might be
variable resistors. Additionally, when a high speed of the
pulse ecycle is needed, it may be advantageous to bypass
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resistor 450 with a pneumatic check valve (indicated
in dotted lines in FIG. 8) which allows unrestricted
air flow from volume 456 to the outlet of switch 448,
but restricted flow in the opposite direction. This
check valve will cause an overlap in pressure-release
from chamber 454 and pressure build-up in chamber 476.
This does not cause pump valve leakage, as the middle
valve is closed at this moment.

The sight glass 126 on the side of the cabinet
housing the pulse generator 116 provides a visual
indication that the system is functioning properly.

Numerous modifications and revisions may
occur to the skilled artisan. For example, the logic
circuitry may assume diverse forms, including pure
fluid components with the necessary number of amplifiers.
Furthermore, although three displacer valves are
disclosed, four or more may be utilized in conjunction
with pneumatic logic circuitry capable of delivering
four or more control pulses in the proper sequence
and with the proper timing. 7

The diaphragm pump of the present invention
can be used for a wide variety of purposes. As already
indicated, one such purpose is the supply of coating i
material for the hot coating of glass bottles. Refer-
ence may be made in this connection to US-A-4130673,
US-A-4144362, EP-A-0103019 and EP-A-0132024. The
invention also embraces a method of coating glass
which includes the step of supplying coating material

with a pump according to this invention.
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CLAIMS :

1. A diaphragm pump comprising a pump body containing
at least three pumping chambers connected in series through
conduits, an inlet conduit leading into the first pumping
chamber, an outlet conduit leading from the last pumping
chamber, one or more pumping diabhragms secured within
the body to seal off one side of each pumping chamber,
and a supply of pressurised air controlled to exert
pressure sequentially on the side of the diaphragm or
diaphragms outside the chambers, whereby fluid is moved
in succession through the inlet conduit, through the
chambers and outwardly through the outlet conduit, means
being provided to inhibit back flow of the fluid away
from the outlet and towards the inlet.

2. A diaphragm pump for discharging minute quantities
of liquid, said pump adapted to be submerged in a recept-
acle containing the liquid to be discharged, séid pump
comprising

a) a pump body composed of a plurality of ségments,
b) an inlet port defined at the lower end of
the body and an outlet port defined there-
above,
c) at least three spaced pumping chambers defined
within said pump body between said inlet
and outlet ports and in communication therewith,
d) conduits interconnecting said pumping chambers,
e) at least one pumping diaphragm secured within
said body between said segments to seal off

one side of each pumping chamber,
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at least three driving diaphragms secured
within said pump body,

at least three displacer valves secured to
said pumping diaphragm and saidrdriving
diaphragms, 7

at least three pressuré'CBambérs defined
within said pump body,

a supply of pressurized air,

a pulse genefator connected to said supply
of air to produce control pulses of air, and
conduits connected to said pump body to de-
liver the control pulses to said pressure
chambers in a particular sequence and for

a desired duration of time, whereby said
pump draws fluid into said pump body through
said inlet port, advances same sequentially
from pumping chamber to pumpiné Chémber,

and then discharges same through said outlet

port in discrete pulses.

3. A diaphragm pump according to claim 2 wherein

each driving diaphragm and said pumping diaphragm define

an intermediate chamber therebetween, and means are pro-

vided for introducing a reference pressure into each

intermediate chamber.

4. A diaphragm pump according to claim 2 or claim 3,

wherein each displacer valve includes a cap with an aper-
ture at one end and a button of chemically inert material

that fits into said aperture.
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5. A diaphragm pump according to claim 4 wherein
the cap of each displacer valve further includes an en-
larged annular shoulder, said shoulder guiding the movement
of the displacer valve within each pumping chamber.

6. A diaphragm pump according to any one of clalms
2 to 5, wherein each dlsplacer valve includes a spacer
with a central bore extending therethrough, said spacer
being secured between said driving diaphragm and said
pumping diaphragm.

7. A diaphragm pump according to any preceding claim
wherein the pumping chambers are equal in volume.

8. A method of coating glass which includes the
step'of supplying coating material through a pumpia¢EOrd—

ing to any of the preceding claims.



(f3

0156074

FIG 1.

128

100

ST I ST

210
216
} FIG 2.
I
/ N
242 .
//’ | 228
/;22 -«-—C
// N 230
’240 _ 214
mz-!/ = -— B
/220 232
% 226
238t \ 234
“218 - A
N
- \
\~ 224




~ -

FIG 8. 0156074

» TO 476
g(-—- 460
'

7462

» TO 472
_jk——468
\

470

18
458
464\
18
e — (352
8
448

V‘ - - o
= t446 \

e
FlG. 3.
OUTLET
344 l 346 4 13
358 ‘2/330
342 - ~\ %/322
/| 364
356 ’\. / /] 314
340— VT 320
352 BT 72\362
3387 326
346 N7
/ § ‘1318
31077 N\ M =60
3484\ \§’%
336 'x\\ \;;
334 L-324
N\ZZi%

2
b
m
~



bt '~ 4

' X374 428
AT, 476
a7 NSNS z
zrg
NRHEENN a6
AL taaz
a4s 2 ﬁ"o,zs
2
§ 7 414
AT
415 \ :{ 2 | N 424
/ ,/ 1472
] 422
/ur V440
oo Zx Y412
N Nz AE Al N 4%20
4
1V als
454
/,

436



	bibliography
	description
	claims
	drawings

